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Background
No effective systemic therapy exists for patients with advanced hepatocellular carcinoma. A preliminary study suggested that sorafenib, an oral multikinase inhibitor of the vascular endothelial growth factor receptor, the platelet-derived growth factor receptor, and Raf may be effective in hepatocellular carcinoma.
Methods
In this multicenter, phase 3, double-blind, placebo-controlled trial, we randomly assigned 602 patients with advanced hepatocellular carcinoma who had not received previous systemic treatment to receive either sorafenib (at a dose of 400 mg twice daily) or placebo. Primary outcomes were overall survival and the time to symptomatic progression. Secondary outcomes included the time to radiologic progression and safety.
Results
At the second planned interim analysis, 321 deaths had occurred, and the study was stopped. Median overall survival was 10.7 months in the sorafenib group and 7.9 months in the placebo group (hazard ratio in the sorafenib group, 0.69; 95% confidence interval, 0.55 to 0.87; P<0.001). There was no significant difference between the two groups in the median time to symptomatic progression (4.1 months vs. 4.9 months, respectively, P = 0.77). The median time to radiologic progression was 5.5 months in the sorafenib group and 2.8 months in the placebo group (P<0.001). Seven patients in the sorafenib group (2%) and two patients in the placebo group (1%) had a partial response; no patients had a complete response. Diarrhea, weight loss, hand-foot skin reaction, and hypophosphatemia were more frequent in the sorafenib group.
H epatocellular carcinoma is a major health problem, accounting for more than 626,000 new cases per year worldwide. 1 The incidence of hepatocellular carcinoma is increasing in the United States and Europe, and it is the third highest cause of cancer-related death globally, behind only lung and stomach cancers. 1 In the West, the disease is diagnosed in 30 to 40% of all patients at early stages and is amenable to potentially curative treatments, such as surgical therapies (resection and liver transplantation) and locoregional procedures (radiofrequency ablation). 2 Five-year survival rates of up to 60 to 70% can be achieved in well-selected patients. 2 However, disease that is diagnosed at an advanced stage or with progression after locoregional therapy has a dismal prognosis, owing to the underlying liver disease and lack of effective treatment options. [2] [3] [4] No systemic therapy has improved survival in patients with advanced hepatocellular carcinoma. 5, 6 Sorafenib (Nexavar, Bayer HealthCare Pharmaceuticals-Onyx Pharmaceuticals) is a small molecule that inhibits tumor-cell proliferation and tumor angiogenesis and increases the rate of apoptosis in a wide range of tumor models. 7, 8 It acts by inhibiting the serine-threonine kinases Raf-1 and B-Raf and the receptor tyrosine kinase activity of vascular endothelial growth factor receptors (VEGFRs) 1, 2, and 3 and platelet-derived growth factor receptor β (PDGFR-β). 7, 8 Cellular signaling that is mediated by the Raf-1 and vascular endothelial growth factor (VEGF) pathways has been implicated in the molecular pathogenesis of hepatocellular carcinoma, [9] [10] [11] [12] providing a rationale for investigating sorafenib for this indication. In preclinical experiments, sorafenib had antiproliferative activity in liver-cancer cell lines, and it reduced tumor angiogenesis and tumor-cell signaling and increased tumor-cell apoptosis in a mouse xenograft model of human hepatocellular carcinoma. 13 Results of an uncontrolled phase 2 study involving 137 patients with advanced hepatocellular carcinoma and Child-Pugh class A or B status indicated that single-agent sorafenib might have a beneficial therapeutic effect. Sorafenib treatment resulted in a median overall survival of 9.2 months and a median time to progression of 5.5 months (as assessed by independent radiologic evaluation). 14 On the basis of these data, we conducted a large phase 3, randomized, double-blind, placebocontrolled trial to assess the efficacy and safety of sorafenib in patients with advanced hepatocellular carcinoma.
Me thods

Patients
The study population consisted of patients with advanced-stage hepatocellular carcinoma, as confirmed by pathological analysis. None of the patients had received previous systemic therapy. Patients were classified as having advanced disease if they were not eligible for or had disease progression after surgical or locoregional therapies. The eligibility criteria also included an Eastern Cooperative Oncology Group (ECOG) performance status score of 2 or less ( Table A1 in the Supplementary Appendix, available with the full text of this article at www.nejm.org), 15 Child-Pugh liver function class A ( Table A2 in the Supplementary Appendix), 16,17 a life expectancy of 12 weeks or more, adequate hematologic function (platelet count, ≥60×10 9 per liter; hemoglobin, ≥8.5 g per deciliter; and prothrombin time international normalized ratio, ≤2.3; or prothrombin time, ≤6 seconds above control), adequate hepatic function (albumin, ≥2.8 g per deciliter; total bilirubin, ≤3 mg per deciliter [51.3 μmol per liter]; and alanine aminotransferase and aspartate aminotransferase, ≤5 times the upper limit of the normal range), and adequate renal function (serum creatinine, ≤1.5 times the upper limit of the normal range).
Patients were required to have at least one untreated target lesion that could be measured in one dimension, according to the Response Evaluation Criteria in Solid Tumors (RECIST) ( Table A3 in the Supplementary Appendix). 18 Concomitant antiviral systemic therapy was allowed. Patients were excluded if they had previously received molecularly targeted therapies or any other systemic treatment.
All patients provided written informed consent before enrollment in the study. The study was approved by the institutional review board or ethics committee at each center and complied with the provisions of the Good Clinical Practice guidelines and the Declaration of Helsinki and local laws. plied by Bayer HealthCare Pharmaceuticals). Study randomization was centralized, and assignment to study groups was conducted by computer to achieve a balance between the two groups, with stratification before randomization according to region, ECOG performance status (a score of 0 vs. a score of 1 or 2), and the presence or absence of macroscopic vascular invasion (portal vein or branches) or extrahepatic spread.
Treatment interruptions and up to two dose reductions (first to 400 mg once daily and then to 400 mg every 2 days) were permitted for drugrelated adverse effects (see Tables B1 and B2 in the Supplementary Appendix). If further dose reductions were required, patients were withdrawn from the study.
Treatment continued until the occurrence of both radiologic progression, as defined by RECIST, 18 and symptomatic progression, as defined by the Functional Assessment of Cancer Therapy-Hepatobiliary Symptom Index 8 (FHSI8) questionnaire ( Table A4 in the Supplementary Appendix), 19 or the occurrence of either unacceptable adverse events or death. Crossover of patients in the placebo group to the sorafenib group was not permitted before the definitive overall analysis of survival.
The study was designed by Bayer HealthCare Pharmaceuticals in conjunction with the principal academic investigators. Data collection was performed by Covance. Axio Research performed the statistical analysis for the data and safety monitoring committee. Data were managed in parallel by the sponsor and the principal investigators. The academic investigators were responsible for the decision to publish the results of the study, had unrestricted access to the final data, and vouch for the completeness and accuracy of the data and data analyses.
Outcomes and Assessments
The primary outcomes of the study were overall survival and the time to symptomatic progression. Overall survival was measured from the date of randomization until the date of death from any cause. The time to symptomatic progression was measured from the date of randomization until the first documented event of symptomatic progression. Symptomatic progression was defined as either a decrease of 4 or more points from the baseline score on patients' responses to the FHSI8 questionnaire, a change that was confirmed 3 weeks later ( Table A4 in the Supplementary Appendix 19 ), a deterioration in ECOG performance status to 4, or death.
Secondary outcomes included the time to radiologic progression, the disease-control rate, and safety. The time to radiologic progression was defined as the time from randomization to disease progression (according to RECIST) on the basis of independent radiologic review. Data from patients who died without tumor progression were censored. The disease-control rate was defined as the percentage of patients who had a best-response rating of complete response, partial response, or stable disease (according to RECIST) that was maintained for at least 28 days after the first demonstration of that rating on the basis of independent radiologic review. Safety was assessed in all patients receiving at least one dose of a study drug, with the use of version 3.0 of the National Cancer Institute's Common Terminology Criteria for adverse events.
Although treatment was administered in a continuous manner, for the purpose of data recording, the treatment period was divided into 6-week cycles. Tumor measurements were performed at screening, every 6 weeks during treatment (within 10 days before the end of each cycle), and at the end of treatment by computed tomography or magnetic resonance imaging. Patients visited the clinic every 3 weeks and at the end of treatment for assessment of compliance, safety, and determination of side effects. Compliance was assessed on the basis of pill counts and diary entries of patients. Safety assessments included documentation of adverse events, clinical laboratory tests (hematologic and biochemical analyses), physical examination, and measurement of vital signs. An end-of-treatment visit was made 21 to 35 days after the last dose of the study drug. The time to symptomatic progression was assessed at baseline, every 3 weeks during treatment, and at the end-oftreatment visit for patients who discontinued the study drug for reasons other than symptomatic progression.
Statistical Analysis
The primary outcomes were assessed according to the intention-to-treat principle. For the primary analysis of overall survival and the time to symptomatic progression, we compared the two study groups using a one-sided overall alpha level of 0.02 or 0.005, respectively, thus maintaining the overall type I error rate for the trial at a one-sided alpha level of 0.025. These analyses were performed with the use of log-rank tests, stratified according to region, ECOG performance status (a score of 0 vs. a score of 1 or 2), and the presence or absence of macroscopic vascular invasion (portal vein or branches) or extrahepatic spread. Two formal interim analyses after approximately 170 and 300 deaths had occurred and one final analysis were planned for the survival outcome. A single final analysis was planned for the outcome of the time to symptomatic progression. The O'Brien-Fleming spending function 20 was specified prospectively to ensure that the one-sided false positive rate was 0.02 or less for overall survival. A Cox proportional-hazards model was used to evaluate the interaction between baseline characteristics and the effect of sorafenib on overall survival.
We calculated the number of patients needed for the study on the basis of the primary outcome of overall survival, taking into account two interim analyses and one final analysis. Assuming a one-sided type I error of 0.02, a randomization ratio of 1:1 between the sorafenib group and the placebo group, and a median overall survival of 7 months in the placebo group, we estimated that with 424 deaths in the two groups combined, the study would have a power of 90% to detect a 40% increase in overall survival in the sorafenib group. On the basis of these calculations, we estimated we needed to enroll approximately 560 patients.
Formal analysis of the time to radiologic progression with the use of a stratified log-rank test was planned when approximately 227 progression events had occurred on the basis of RECIST. The required number of progression events was projected to occur by a prespecified cutoff date of May 12, 2006. Independent radiologic assessment was not continued after this date. We compared disease-control rates in the two study groups using the Cochran-Mantel-Haenszel test with a twosided alpha level of 0.05. Adverse events were compared with the use of Fisher's exact test. All reported P values are two-sided.
R esult s
Patients
From March 10, 2005 , to April 11, 2006 , we screened 902 patients. Of these patients, 602 met the eligibility criteria and underwent randomization, with 299 patients assigned to the sorafenib group and 303 patients assigned to the placebo group. These patients were all included in the intention-to-treat analysis (Fig. 1 ). The remaining patients were excluded from the study during the screening period because they did not meet inclusion or exclusion criteria, withdrew their consent, had an adverse event, were lost to follow-up, or died. Among the 602 randomized patients, 297 received at least one dose of sorafenib and 302 received at least one dose of placebo; these 599 patients were included in the safety analysis.
There were no relevant differences between the two study groups with respect to demographic characteristics, the cause or severity of liver disease, previous antitumor therapy for hepatocellular carcinoma, prognostic characteristics, ECOG performance status, and tumor-staging criteria, according to the Barcelona Clinic Liver Cancer (BCLC) staging system ( Table 1 , and Table A5 in the Supplementary Appendix). 2,3 Most patients were recruited in Europe. Chronic hepatitis C virus infection was the predominant cause of liver disease, followed by alcohol consumption and chronic hepatitis B virus infection. The disease in 581 patients (97%) was rated as Child-Pugh class A at baseline, reflecting well-preserved liver function. No significant differences were observed between the sorafenib group and the placebo group with respect to mean baseline plasma levels of albumin, alkaline phosphatase, and total bilirubin. At baseline, 231 patients (38%) had macroscopic vascular invasion, and 309 (51%) had extrahepatic spread, with the most common extrahepatic sites being lymph nodes and lung. Approximately half the patients (305) presented with tumors that had not been previously treated, and locoregional therapy had failed in the remaining 297 patients.
Effficacy
Overall Survival
We conducted the second planned interim analysis using a cutoff date of October 17, 2006, when 321 deaths had occurred (143 in the sora fenib group and 178 in the placebo group). Overall median survival was significantly longer in the soraf enib group than in the placebo group (10.7 months vs. 7.9 months; hazard ratio in the so rafenib group, 0.69; 95% confidence interval [CI], 0.55 to 0.87; P<0.001) ( Table 2 and Fig. 2A ). Survival rates at 1 year were 44% in the sorafenib group and 33% in the placebo group. This significant survival benefit represented a 31% relative reduction in the risk of death. On the basis of these data and guided by the prespecified O'Brien-Fleming spending function 20 (which stipulates a one-sided nominal alpha level of 0.0077 for this interim analysis), the independent data and safety monitoring committee recommended that the trial be stopped in February 2007. The results reported here are considered final.
An exploratory multivariate analysis with the use of a Cox proportional-hazards model identified eight baseline characteristics that were prognostic indicators for overall survival: ECOG performance status, presence or absence of macroscopic vascular invasion, extent of tumor burden (defined as presence or absence of vascular invasion, extrahepatic spread, or both), Child-Pugh status, and median baseline levels of alpha-fetoprotein, albumin, alkaline phosphatase, and total bilirubin. After adjustment for these prognostic factors, the effect of sorafenib on overall survival remained significant (hazard ratio, 0.73; 95% CI, 0.58 to 0.92; P = 0.004). A prespecified subgroup analysis ECOG denotes Eastern Cooperative Oncology Group. ECOG scores range from 0 (fully active) to 5 (dead). showed a survival benefit for sorafenib over placebo in most of the subgroups analyzed ( Fig. 3 ).
Time to Symptomatic Progression
The median time to symptomatic progression (which was defined as either a decrease of 4 or more points from the baseline score on the FHSI8 questionnaire or an ECOG status of 4 or death, whichever occurred first) did not differ significantly between the sorafenib group and the placebo group (4.1 and 4.9 months, respectively; hazard ratio, 1.08; 95% CI, 0.88 to 1.31; P = 0.77) (Fig. 2B ).
Time to Radiologic Progression
By the cutoff date of May 12, 2006, radiologic progression had occurred in 263 patients (107 in the sorafenib group and 156 in the placebo group).
On the basis of an independent review of radiologic data, the median time to progression was significantly longer in the sorafenib group than in the placebo group (5.5 vs. 2.8 months; hazard ratio, 0.58; 95% CI, 0.45 to 0.74; P<0.001) ( Table 2 and Fig. 2C ). The estimated rate of progressionfree survival at 4 months was 62% in the so raf enib group and 42% in the placebo group.
Response Rates and Disease-Control Rate
In the sorafenib group, 7 patients (2%) had a partial response and 211 (71%) had stable disease (according to RECIST), whereas in the placebo group, 2 patients (1%) had a partial response and 204 (67%) had stable disease (Table 2 ). There were no complete responses in either group. The diseasecontrol rate was significantly higher in the soraf enib group than in the placebo group (43% vs. 32%, P = 0.002) ( Table 2) .
Treatment Compliance
At the October 17, 2006, cutoff date, 468 patients had discontinued treatment (226 in the sorafenib group and 242 in the placebo group) (Fig. 1) . The most common reasons for discontinuation in both groups were adverse events (176 patients) and radiologic and symptomatic progression (123 patients). The median duration of treatment was 5.3 months (range, 0.2 to 16.1) in the sorafenib group and 4.3 months (range, 0.1 to 16.6) in the placebo group. Overall, 227 patients in the sorafenib group (76%) and 284 in the placebo group (94%) received more than 80% of the planned daily dose of the study drug.
Safety
The overall incidence of treatment-related adverse events was 80% in the sorafenib group and 52% in the placebo group (Table 3 ). Adverse events that were reported for patients receiving sorafenib were predominantly grade 1 or 2 in severity and gastrointestinal, constitutional, or dermatologic in nature. Diarrhea, weight loss, hand-foot skin reaction, alopecia, anorexia, and voice changes occurred at a higher frequency in the sorafenib group than in the placebo group (P<0.001). Grade 3 drugrelated adverse events included diarrhea (8% in the sorafenib group vs. 2% in the placebo group, P<0.001), hand-foot skin reaction (8% vs. <1%, P<0.001), hypertension (2% vs. <1%, P = 0.28), and abdominal pain (2% vs. 1%, P = 0.17); there were no grade 4 drug-related adverse events in any of these categories in either study group (Table 3) . Grade 3 or 4 laboratory abnormalities occurred at similar frequencies in the two study groups, with the exception of grade 3 hypophosphatemia (11% in the sorafenib group vs. 2% in the placebo group, P<0.001) and grade 3 or 4 thrombocytopenia (4% in the sorafenib group vs. <1% in the placebo group, P = 0.006).
The rate of discontinuation of the study drug due to adverse events was similar in the two study groups (38% vs. 37%). The most frequent adverse events leading to discontinuation of sorafenib treatment were gastrointestinal events (6%), fatigue (5%), and liver dysfunction (5%). Dose reductions due to adverse events occurred in 26% of the patients in the sorafenib group and 7% of those in the placebo group, whereas dose interruptions due to adverse events occurred in 44% and 30% of the patients, respectively. The most frequent adverse events leading to dose reductions in the sorafenib group were diarrhea (8%), handfoot skin reaction (5%), and rash or desquamation (3%). Drug-related adverse events leading to permanent treatment discontinuation occurred in 34 patients in the sorafenib group (11%) and 15 patients in the placebo group (5%).
The overall incidence of serious adverse events from any cause was similar in the two study groups: 52% (153 patients) in the sorafenib group and 54% (164 patients) in the placebo group. (In the Supplementary Appendix, adverse events and serious adverse events during treatment are described in Table C1 and Table C2 , respectively.)
In the sorafenib group and the placebo group, the incidences of serious hepatobiliary adverse (87) North America 27 (9) 29 (10) Central and South America 9 (3) 11 (4) Cause of disease -no. (%)
Hepatitis C only 87 (29) 82 (27) Alcohol only 79 (26) 80 (26) Hepatitis B only 56 (19) 55 (18) Unknown 49 (16) 56 (19) Other 28 (9) 29 (10 (30) Percutaneous ethanol injection 28 (9) 20 (7) Radiofrequency ablation 17 (6) 12 (4) Radiotherapy** 13 (4) 15 (5) Systemic anticancer therapy Hormonal therapy 7 (2) 8 (3) Cytotoxic chemotherapy 1 (<1) 1 (<1)
Concomitant systemic antiviral therapy -no. (%) 6 (2) 2 (1) * Plus-minus values are means ±SD. None of the differences between the two study groups were significant (P≥0.05).
To convert the values for bilirubin to micromoles per liter, multiply by 17.1. BCLC denotes Barcelona Clinic Liver Cancer staging system, and ECOG Eastern Cooperative Oncology Group. † The ECOG performance status assesses the daily living abilities of the patient, on a scale ranging from 0 (fully active) to 5 (dead) . 15 ‡ The BCLC system ranks hepatocellular carcinoma in five stages, ranging from 0 (very early stage) to D (terminal stage). 3 § One patient in the sorafenib group had a BCLC score of D and a Child-Pugh class of C. ¶ The Child-Pugh system evaluates the severity of liver disease, with patients divided into classes from A to C, with class C representing the worst prognosis. 16,17 ‖ Patients may have received more than one type of therapy. There was no significant difference between groups in the number of patients who had received previous palliative or curative therapy or previous adjuvant or neoadjuvant therapy (P≥0.05). ** Radiotherapy was applied to extrahepatic metastatic lesions in all patients except five in the sorafenib group and three in the placebo group.
events (11% and 9%, respectively), serious hemorrhagic events (9% and 13%), variceal bleeding (2% and 4%), renal failure (<1% and 3%), and cardiac ischemia or infarction (3% and 1%) were similar; the most common serious adverse events of any cause (aside from death) were liver dysfunction (7% and 5%, respectively), diarrhea (5% and 2%), and ascites (5% and 4%) ( Table C2 in the Supplementary Appendix). Within 30 days after the final dose of the study drug, there were 13 deaths in the sorafenib group and 29 deaths in the placebo group that were not attributed to disease progression.
Discussion
In this trial, patients with advanced hepatocellular carcinoma who received sorafenib treatment had nearly a 3-month median survival benefit, as compared with those who received placebo. At the time the study was stopped, after the second prespecified interim analysis (conducted when 321 patients had died), patients in the sorafenib group had a median survival of 10.7 months, as compared with 7.9 months in the placebo group. The effect of sorafenib on overall survival remained significant after adjustment for baseline prognostic factors that were found to influence survival, thus supporting the primary analysis. The benefit of sorafenib was also consistent among all prespecified stratification groups, including patients with the worst prognosis, such as those with an ECOG performance status of 1 or 2 or with macroscopic vascular invasion or extrahepatic spread. This study was designed to capture the benefits of a potentially efficacious drug while avoiding the confounding effect of deaths unrelated to cancer progression. Since hepatocellular carcinoma develops mainly in patients with cirrhosis, it was critical to select patients with well-preserved liver function (Child-Pugh class A). 16, 17 If the trial had included patients with more advanced liver failure (Child-Pugh class B or C), deaths related to advanced liver disease might have masked any significant activity of sorafenib. Further data will be needed to confirm the safety and survival benefit of sorafenib in patients with poorer liver function. In addition, the choice of survival as a primary outcome was important, since other potential surrogate outcomes that are often used in oncology, such as progression-free survival, are considered to be suboptimal for the clinical evaluation of this cancer because of the confounding effect of the underlying cirrhosis. The absence of overlap in the confidence intervals between the groups that was observed for overall survival and the time to progression suggests that most of the patients receiving sorafenib had a delay in the progression of the disease that might have resulted in the prolongation of survival.
The second primary outcome, the time to symptomatic progression, did not differ significantly between the two groups. The FHSI8 questionnaire is a patient-oriented outcome instrument that might have been influenced by both the pres-ence of symptoms related to the toxic effects of the drug and the effect of the response to tumorrelated symptoms. 19 The lack of a significant difference in responses to the FHSI8 questionnaire might reflect the effect of the reporting of so rafenib's toxic effects by patients. In addition, the quality of life of these patients might have been affected by symptoms related to liver failure, which continued, regardless of whether the tumor stabilized or regressed.
Sorafenib simultaneously inhibits molecular components of the Raf-MEK-ERK signaling pathway, abrogating tumor growth and VEGFR-1, VEGFR-2, VEGFR-3, and PDGFR-β, thus inhibiting neoangiogenesis. 7 By targeting two key pathways that are reported to play an important role in the pathogenesis of hepatocellular carcinoma, [9] [10] [11] [12] soraf enib is likely to delay disease progression; this might explain the observed survival benefit despite the low incidence of objective responses. Nonetheless, pharmacogenomic studies are under † Symptomatic progression was defined as a decrease of 4 or more points from the baseline score on the Functional Assessment of Cancer Therapy-Hepatobiliary Symptom Index 8 (FHSI8) questionnaire, deterioration to a score of 4 in Eastern Cooperative Oncology Group performance status, or death, whichever occurred first. 19 The scores were confirmed 3 weeks later at the next scheduled assessment. ‡ The level of response was measured according to RECIST (Response Evaluation Criteria in Solid Tumors) 18 by independent radiologic review. § The disease-control rate was the percentage of patients who had a best-response rating of complete or partial response or stable disease (according to RECIST) that was maintained for at least 28 days after the first demonstration of that rating on independent radiologic review.
way to gain a further understanding of the drug's molecular mechanisms of action. In addition, the safety profile compares well with those of previously reported systemic therapies, such as the PIAF regimen (cisplatin, interferon, doxorubicin, and fluorouracil), which was associated with more severe complications than those observed with sorafenib. 21 This trial shows that sorafenib improves overall survival by nearly 3 months in patients with advanced hepatocellular carcinoma. This finding is important, given the increasing incidence of the disease around the world 22 and the lack of efficacious therapeutic options in this setting. [2] [3] [4] [5] [6] Furthermore, no consistent survival benefits for anticancer agents in hepatocellular carcinoma have been recorded in approximately 100 randomized studies reported during the past 30 years, 2-6 including systemic and intraarterial chemotherapy (predominantly doxorubicin-based or platinumbased), various hormonal therapies (tamoxifen and antiandrogens), and immunotherapy (usually interferon alfa). 5, 6, 21 In some instances, such as studies of tamoxifen, encouraging data from underpowered initial studies 23,24 were not confirmed by subsequent large, well-designed, randomized studies. 3, 6 Thus, scientific guidelines and regulatory agencies have not recommended or approved any drug for advanced hepatocellular carcinoma, representing a unique situation in the treatment of solid tumors and clearly an unmet medical need. 3, 4 Our finding that sorafenib, a multikinase inhibitor, has activity in hepatocellular carcinoma shows the potential of molecularly targeted therapies in this neoplasm. Other targeted agents that Among 602 patients (of whom 299 received sorafenib and 303 received placebo), the median overall survival was 10.7 months in the sorafenib group, as compared with 7.9 months in the placebo group (hazard ratio for death in the sorafenib group, 0.69; 95% CI, 0.55 to 0.87) (Panel A). The median time to symptomatic progression was 4.1 months in the sorafenib group, as compared with 4.9 months in the placebo group (hazard ratio for progression in the sorafenib group, 1.08; 95% CI, 0.88 to 1.31) (Panel B). The median time to radiologic progression was 5.5 months in the sorafenib group, as compared with 2.8 months in the placebo group (hazard ratio for progression in the sorafenib group, 0.58; 95% CI, 0.45 to 0.74) (Panel C). have been evaluated in phase 2 clinical trials for the treatment of hepatocellular carcinoma include tyrosine kinase inhibitors of the epidermal growth factor receptor (erlotinib 25,26 and gefitinib 27 ), a hu manized monoclonal antibody against antivascular endothelial growth factor (bevacizumab 26, 28, 29 ), and a multitargeted tyrosine kinase inhibitor (sunitinib 30,31 ). Future studies should assess the benefits of combined molecular therapy, as compared with sorafenib alone. The most frequent adverse events in this study were consistent with those observed in a previous phase 2 study involving patients with hepatocellular carcinoma 14 and in clinical trials of sorafenib in patients with advanced renal-cell carcinoma. 32, 33 The adverse events that were more common in the sorafenib group (e.g., diarrhea, weight loss, and hand-foot skin reaction) were mainly mild to moderate in severity. 34 The two most relevant grade 3 drug-related adverse events were diarrhea and hand-foot skin reaction (both ECOG denotes Eastern Cooperative Oncology Group. ECOG scores range from 0 (fully active) to 5 (dead).
of which occurred in 8% of patients in the so rafenib group). As has been previously observed in the treatment of renal-cell carcinoma, 33 so rafenib-associated adverse events led to dose reductions and interruptions in a subgroup of patients. Previous studies have raised caution about the risk of hemorrhagic and cardiac events in patients treated with sorafenib and other tyrosine kinase inhibitors. 12,34 This study did not identify an overall increase in the risk of bleeding, and the rates of variceal hemorrhage were similar in the two study groups, although the study may not have been large enough to accurately establish the incidence of uncommon adverse events.
In summary, this study showed that sorafenib prolonged median survival and the time to progression by nearly 3 months in patients with advanced hepatocellular carcinoma. Future studies are warranted to evaluate sorafenib as an adjuvant therapy after curative or locoregional therapies. Also needed are studies evaluating sorafenib in combination with other molecular targeted therapies and as a standard comparator, conducted according to recent guidelines for the design of clinical trials in hepatocellular carcinoma. 35
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